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I. Introduction

6

During the adademic year 1972-73, the-Natural Sciences Faculty

.

of the UPR Rio Piedras campus, offered to sixty of its second year

students an interdisciplinary course under the name "Natural Sciendes

101-102". This course substituted the normal introductory courses
a

in Biology, Chemistry, and Physics which are required for all stil-

"dents in Natural Sciences. Professors from the three departments

concerned collaborated in the design and implementation of the

...course which was administratively assigned -eb the Dean's office.

.roncimic support for the development of the course dame from

a gral-it of $10,000.00 from the Department of Health, Education

and Welfare (HEW) of the. Federal Government, matched by the,UPR

in Faculty salaries and services.needed by the program.

The idea-of an interdisciplinary course at- an introductory-

level is not new, ,and there are numerous antecedents. Considering

only the North American Educational System in the last ten years,
P''

one finds more than 40 institutions which have offered interdisci-

plinary coUrses.in Nattral Sciences with very varied programs, for'-

mats and objectives.' In general, the results-of these-experiments.

have 'not-been very striking. -In spite- o,f this,:a course of this

nature offers sufficient educational possibilities to justify its'

use, especially keeping in mind that there dO not exist unicjueand

exclusive solutions to problems in teaching:

Presentations which _were made in proposing the course' stem

in part from general educational problems and part from spccific

problems in the teaching of the Natural Sciences Faculty of the UPR

in Rio Piedras. Basically, they can be summarized-in the following

form:
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1. For .years the educational tendency has been to specialize

the students at the earliest stage possible. This process hu.;

reached such a point that the studentSenter the faculty decided

to specialize in a predetermined field, knowing almost nothing

about what it consists'of, and ignoring almost completely the

optionS which they._areL_denying themselves as a consequence of
C,

this decision.

2. The separate introductory courses in Biology, Chemistry

and Phybics unknowingly support the natural tendency of the st12---.-

dent togi\re priority to the material in which he thinks of spe-

cializinge to the detriment of the other basic,courses. This

problem can be seen in its full dimension if we realize that in

our particular case the student is not required to take the three

basic oourses in his first year in the faculty. As a matter of

fact, la. high percentage_ take two of them, generally Biology and-

Chemistry or Biology and Physics, leaving the third for later:years.

The consequences are in many cases a deficient'preparation, a loss

of educational opportunity not only at a personal level but also

at an institutional level, and a delay in completion of the stu-
,

dents studies.

a. It is necessary tp 'convince- the students that Science is

an indivisible whole that specialization is not a requirement of

nature but a painful necessity coming from the human incapacity

to absorb all the.fields of knowledge. The idea of unity in

SciCnce runs a great risk of being lost in the: ,.trad_ition.l basic

course's, since these, by their very nature, are to pre-

senting partial 'aspects. It can occur, as has in fat:t happcne,J,

that the trees hide the wood.



4. An integrated. course presents, a priori, the advantage of

:being able to avoid ,nconnected and often sterile repetitions, which

the separated Course .system imposes.- This permits the teaching to

be more-compaci, func_Lonal, and in consequence, more effebtive.

In the case of the Natural Sciences Faculty of the UPR thisasiSect

is particularly important if we remember that the different depart-

ments have available a minimum number of credit- hours to prepare

their students, due to the number of required courses that the stu-

dents must take outside the faculty.
I

5. An integrated course can serve, with or without modifica-

tions, for students of other faculties interested .in a nontrivial

introductory course in Science. For example, it is convenient to

indicate'that: the Pharmacy students are required to take the basic

41%

courses in Natural Sciences. It is also important to keep in

4 mind that of the students admitted to the faculty of Natural

.Sciences, more than 60% have lie intention of studying medicine

or associated careers. Any reduction which can be'realized in

the basic programs of Natural Sciencet without loss- of effecti

veness in teaching, resounds to the benefit of those students.

II. Methodology

0

1. General Characteristics
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The courSp was developed in three hour sessions

with an intermediate break of 15 minutes, five days a weeh
4

for two.semesters, each carrying 12 credits: exactly equal to

A

the number oT credits which are pbtained takinvthe equivalent

three basic courses in natural Scieiices,

The personnel assigned to the program consisted of three

fixed professors, four in the second semester, one for each

department directly affected by the project except Chemistry,

which in the second semester provided two, and a secretary.

Por the presentation of some specific topics the collaboration
4

was obtained of various professors in the Science Faculty and

the Puerto Rico Nuclear Center, appearing as invited lecturers

in the progi-am.

During the first semester, the,three_fixed professors

attached td the prograrri attended all die Sessions and acti-

vely" participated in aiscifsSions in the classroom, making su-'

ggestions and clarifications on specific points, and alternating

in the presentation of the topicS, In spite of the excellent re-
.

sults obtained, this system could only be used sporadically 'in the

second semester due to commitments of the professors other

university programs.

In the presentation of the topics, an open system was 1..u'd in

which-every one, professors and stu(lenLs, could interrupt thn

lecture to ask questions, present explicaLions, demonsLrations
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or different examples from those used by the lecturer to clarify

a particular point. In the beginning it was attempted to use

the first part of each session to explain the corresponding

material without interruptions, keeping the second part for

,discuSsion, questions, and difficulties. However, it was no-/_ ,
,ted /that this procedure slows up the progresS of the course,

Q

and tended to leave obscure points in the explications which

stop the student from following the rest .of the lecture. Thus,

this method eas discarded in favorof the method indicated

above. .Audiovisual techniques were used- as much as possible.

Almost all the topics covered in the course were handed

over to,the students in mimeographed from, 'eating only the

work of looking in the library for information on certain spe7

cific topics, in which case concrete and'clear references were

given so that the student could carry out this work without
;,

difficulty. The reason for using this method was the impossi-

bility of'finding a text which could be adjusted to the necce-

ssities of the course.

2. of the participating students

'In the Spring of 1972,all.studenta who had ao-
,

licited `admission to the Natural Sciences Faculty were informed

of the existence of the program, thtu a letter to that effect,

(see Appendix 1). -Later, the same students, were handed a question-

airerequestingtheircollaboraton, (see Appendix 2) . Of 526-

qustionnaires received 215'indiCated interest in participating

in the courso.. Of these 100 .were automatically excluded by not

.obtaining 50 -in, the mathematical session of the diagnostic exam
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S4.

that Faculty of Natural Sciences administered to all its

. f

applicants'. This'critria had been recommended-as a requisite
.. e' ,

.

j r.

- 0foadmission ,e'to the-facuaty. by the corresponding faculty co-

mmittee. (Fol.leasons*whichare not important here, the faculty
b a

did not apply this condition in an absolute way_ ain:its
,'

d fission,

although the course did do this in its election).
, .

The 115 candidates to the 'course were called to a minting,

only 60 attended which-automatically eliminated the problem of

having tjo make a new selection. At the moment of matriculation

only 59 appeared, since one student was called for military ser-

vice, and of these .three transfe'red-their studies to universities

7 -

in the United States during the first w&ek of classes.. Thus-,

the group was reduced to 57, which constituted the official

enrollment of the course for the first semester. Appendix 3

contains the list of the 60 students originally selected, with-
4

0

the academic inYormation which was available at the beginning. of.
4

the school year 1972-73:

3. Topics

The topics developed' in the course can;%.be summarized.

in the foliing outline:

1. Niitural Systems: Ecosystems

4

2. Macroscopic properties of Natural Systems:

Thermodynamics,

ClaSsical'Mechanics

Kinetic Theory of-Gases

StatisticalMeohanics.

Interchange of Energy iD Living. Systems
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3. Microscopic Properties of Natural Systems:

Waves and Particles

The Electromagnetic Field

QuantUm4dechanica

Elementary rticles

The Nucleus

The Atom k,

4. Properties of SyStems in Agregga-Eed States:

Moleeular StrUcture: Bonding

The Solid State

The Liquid State

The Gaseous State.

5 The Periodic System:

Elements, Compounds and Transformations

6. Macromolecular Structures:

Carbon Chemistry

Macromolecules and Polymers

Molecular Biestructures
-d

Celular Ultrastructure

7. Chemica,1 Dynamics

Kinetics and Reaction Mechanisms

Reactions with Proton Transfer-

Reactions with Electron Transfer

E. Cellular Respiration

Photosynth'esis
1

9. Structure and Function of Living Organisms

10. Homebstais,- Control, Integration and Regulation

Mechanisms



11. Mendelian and Populational Genetics

12. Organic Evolution
0

13. The prigdn of Life

In Appendix 4 are included the materials delivered to

the studeniEls during the course,'as well as the references

used or recommended for certain specific topics. This shows

in a concrete way the level and range of the topics indicated

above-.

The experiMental part of the course consisted ofthree

weeks 'in the Biology, Chemistry and Physics Laboratories,z-ca-
.,'

rrying ou- t a selection of the experiments which are used by
r.

the students in the regular courpes, two sessions overthe. use-

of computers in scientific work, and three special projects

directed by invited professors from. the gi.aduate faculty of

the three departments involved in the Project. (See Appendix 5..)
7

;4. Evaluat±6n

In .thiS section there are two .aspects in

volved which, although linked, convenient to different-
'

iate from the beginnirig: the' evaluation of ,the student, from

the pointo7f View of, grade,' and evaluation of the program as

such.

The first. aspect only suppOses certifying, beans of

eo,

a grade, the level of proficiency of the studenXs.in the material
r

-0
covered in, the course. :For this she students took,..,.,nine exams,

..

four in the, first semester and five in the second. Dte to the

,,.

oexperimtntal_ nature of the LI- I-Nram and the: number of c'KeditE-

)
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a

which were involved, it was decided that every person Who obtained

less than 50% of the correct answers-in any of these exams should

be obliged 'to take a repetitive test as many times as should' be

necessary, until they were able to demonstrate a minumum know-
.

ledge ofthe,material involved-in the exam. Students with less

than 60%of the correct answers were adVised that they should

voluntarily take the corresponding test. Thid assured the stu-

dents tiat if they made the' necessary. effort, their grade would

not be Lower than C. On the.other hand, a atudent would not see

his average affected by failing one particular exam;\since he.

'would always.have,a second opportunity.

At the end of the first Semester, by an agreement between
/471l

the .students and the prOfessors, it was decided to 'give the

.same grade in both semesters. This gave a better. perspective

Of the progress of each student-at the time of giving the grade

an helped students with erratic-Or deficient grades in the exams

to take the auxiliary test, without great pressure of time. Towards

the end of the'second semester, at the petition of-the students,

the correspondingacademic authorities authorized the use of the

grades "Pass" or "Fail" in place df the five normal grades. The

reason fdr this decision will be discusSed further on in thisre-
-

port. Under these circumstances all the participating students ob-

tained khe grade of "Pass" in both semesters.

The second aspect of the evaluation, that f the programl.

assumes determining its efficiency, not only'in preparing stU-.
,

dents to take more advanced cou/ries, but alsO in providinb them

with firm and clea2'criteria.bOth'in the scientific and human
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aspects. This has serious difficulties, since on one hand, it

regujres the professors. to be judges of their own Work; on the
o

other hand, the methods of measurement which have been used are

always indirect, and plagued with a high degree of uncertainty.

In addition the precise evaluation of -the program needs a follow-

up of the participants. The results of this survey are obviously

not available at this moment.

Tables 1 thru 9-and the corresponding graphs, show the

_

statistics for the-individual exams, without taking into account

:the complementary exams. Table 10 shows 6. sumrdary of.each se-
t

mester_separately and the complete course. All the exams were

multiple choice, since this helped extraordinarily the analysis

of the Z.esults. In no case was the index of reliability lower

than 0.80. Analysis of the results of the individual exams, (see

figures5and 11), gives a. clear pidture of homogeneity except in

two cases.: One in the first semester; which -is above average, and

other in the second semester, which is'beloW average. The same

*
homogeneity appears on comparing the results of both semesters and

theitotal of the course. 'The'small discrepancy which exist between

the results of both semesters (the average of the first is higher

than that of the second) can be attributed to the change of the

system of presentation-of the topics which was indicated in sec-

tion 1, as well as,the perturbing effeet of the two exams which

were out of the normal range.

IF we take 50' 7.; as the inferior limit of the grade of C, we

find tlit the nunber of studeut:s with D, 1' or leaving the course,

our 2 c,ffthe 56, (3.5);during the first semester, 3 out of 54,

5



Test No. 1 1st Semester

No. of students considered: 50

No. of items in the exam.: 60 , Mean: 39.20, Stand.dev.18.62

Grade Grade(%) Frequency Frequency(%)

58 97 1 2

55 92 1 2

53 88 1 2

52 85 1 2

50 83 1 2

49 82 4 8

48 80 1 2

47 78, 1 2

4-6 7-7 ? 4

45 75 1 . 2

44 73 3 6

43 72 1 2

42 70 1 2

40 67 3 6

39 65. 5 10

38 63 , 4 8

37 62 2 4

36 60 1 2

3 58 2 4

34 57 2 4

33 55 1 2

32
,
53 1 2

31 52 1 2

30 50 1 .2
29 48 2 4

28 47 2 4,

o 27 45 1 2

24 40 1 2

22. 37 1 2

19 32 1 2-

TABLA 1
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No.

Test No. 2
CIL

1st Semester

No. of students considered : 50

of items

,Grade

in the exam.: 35, Mean: 25.8 , Stand.dey.:4.57

Grade(%) Frequency Frequency(%)

34_ 97: 1 2

33 94 2 4

32 91 1 2

31 89 3 '6

30 86 3 6

29 83 7
, 14

28 80 2 4

27° 77 5 10

26 74 5 10

25 71 2 4

24 67. 6 12

23- 66 3 6

22 63 2 4

20 57 2 4

19 54 2 4

18 51. 2 4

15 43 2 4

TABLE 2
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No.

Test No. 3 1st Semester

No. of students considered : 49

of items

Grade

in the exam.:

Grade(%)

80', fft'eant65.75, Stand.dev.16.31

Frequency. Frequency(%)

74 93 3 6.12
73. 91 2 4.08
72 90 3 6.12
71 89 2 4.o8
70 88 3 6.12
69 86 3 6.12
68 85 6 12.24
67 84 4 _8.16
66 83 4 8.16
65 81 3 6.12
64 80 2 4.08
63 79 3 6.12
62 78 3 6.12
61 76 1 2.04
60 75 2 4.08
59 74. 2 4.08
54 68 1 2.04
47 59 1 2.04
41 51 1 2.04

TABLE 3

1:9
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Test No. 4 1
st Semester

No. Of students considered : 49

No. 'of items

Gr':de

in the

Grade( %)

exam.: 30,Mean:17.77,Stand.dev.14.87

Frequency Frequency(%)

30 nil 1 2.08
25 83 2 4.16
24 80 4 8.33
23 77 2 4.16
22 73 5 10.41

70 1 2.08
20 67 3

_
6.25

19 63 3 6.25
18 60 2 4.16

, 17 57 4 8.33
16 53 4' 8.33
'15 50 4 8.33
14 47 3 6.25
13 43 4 8.33
12 40 1 2.08
11 37 1. 2.08

"10 33 2 4.16
9 30 2 4.16

TABLE- 4
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Test No. 5 2nd Semester

No. of students considered P 46

No. of items in the exam.: 50, mean: 39.96, Stand.dev.: 4;02

Grade Grade(%) Frequency Frequency(%)

47'
46
45
44

94_
92
90

BB

1

1

4

4

2.17
2.17
8.69
8..69

43 86 1 2.17
42 84 6 13.04
41 82 6 13.04

`40 80 5 10.87
39 c. 78 5 10.87
38 76 2 4.34
'37 74 1 2.17
36 72 5 10.87
34 'f68 2 4.34
32 64 1 2.17
31 62 1 2.17
29 58 1 2.17

TABLE'
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-1'.et No. 6 2nd SerruesIer

No'. of students considered s 52

No. of items ch the test: ; MEren`: Stand.cievc :5.04

Grade Grade(%.)` Frequency Frequency(%)

32 91 3.84
31 89 3 ,

30 86' 4 7.69
29 83 6 11.53
28 80 . 6 11.53
27 77 2 3.84

3 5.76
25 71 5 9.61
24 69 2" 3.84

23 66 13.'46

22 63 1

2 it 60 1' 1.92

20 57 3 5.76
18 '51 2- 3.8'4

17 49 1.92

14 40 3 5.76

12 1 1.92

-TAf3LE 6
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Test No. 7 2nd Semester

No. of students considered 1 46

No.'_o.f items in the test:95 , Mean:55.61 , Stand.dev.:11.73

Grade Grade(%) Frequency Frequency(%)

80_ 84 1 2.1,7

78 82 2 4.'35

72 76 1 2.17
71 75 1 2:17
70 74 1 2.17

68 72 2 -

,

4.35
67 71 1 2.17

65 68 1 2.17
64 67 2 4.35
63 66 1 2.17

62 65 3 6.52

61 64 1 2.17

60 63 1 2.17

59, 62 2 4.35

55 58 4 8.70

54 57 3 '6.52
53 56 , 2 4.35

451 54 1 2.17

50 53 1 2.17

49 52 1 2.17

48 51 1 2.17

47 49 2 4.35

46 48 1 2.17

45 47 2 L:35

44 46 1 2.17
43 45 1 '2.17

42 44
a43

1 2.17

41 '
.

1 .2.17

38 40 '1 '2.17

36.
./

38 1 2_17

34 36 1 2.17

31 33 1 2.17

TABLE 7
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Test No. 8
4

.2n.c1 Semester

No. of stude.nts considered :.50

No. of items in the test:27,Mean:14.13,Stand.dev-.:4.30

Grade Grade(%) frequency- FreqUenty(%)

25 93 1 2

22 81 1 2

21 78 1 2

20 74 6 12
19 70 1 2

18 67 2 4

17 63 4 8

15 56 4 8

14 52 6 12
13 48 5 10
12 44 6 12
1.1 41 3 6

10 3? 5 10
9 3J 1 2

8 30 1 2

7 26 2 4

5 19 1 2

TABLE 8 ,
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Test No. 9 2nd Semester

No. of, students considered: 34-

No. of items in the test:100,Mean163.41,Stand.dev.110.50

Grade Grade(%) Frequency FrequencY(%)

91 91 1 2.94
87' 87 2 5.88
82, 82 1 2.94
79 79 1 2.94
78 78 2 5.88
77 77 2 5.88
74 74 1 2.94
72 72 2 5.88
71 71 1 2.94
70 70 2 5.88
66 66 2 5.88
65 65. 2 5.88
64 64 3 8.82
63 63 5 14.71
58 58 1 2.94
56 56 2 5.88
53 53 1 2.94
49 49 1 2:94
44 44 1 2.94
42 42 1 2.94

TABLE

33
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Term Grades and Final Grades in Percents

First Semester 'Second Semester Mean both semesters

N F F(;40) N F F(%) N F F(%)

90 , 1 1.85 92 1 1.85 91 1 1.85

89 1 1.85 86 1, 1.85 87 1 1.85

86' 1 1.85 82 1' 1.85 83 1 1.85

84 1 1.85 -81 1 1.85 82 1 1.85

83 1 1.85 80 1 1.85 81 2 3.70

82 1 1.85 79 1 1.85 80 2 3.70

81 1 1.85 78 2 3.70 78 1 1.85

80 5 9.25 76 3 5.55 77 2 3.70

79 1 1.85 75 1 1.85 76 1 1.'85

78 2 3.70 74 2 3.70 74 1 1.85

77 1 1.85 71 '1 1.85 73 2 3.70

76 1 1.85 70 1 1.85 72 2 3.70

75 1 1.85 69 4 7.40 71 3 5.55

74 1 1.85 6.8 2 3.70 70 2 3.70

73 1 1.85 67 4 7.40 69 3 5.55

72 3 5.55 66 2 3.70 68 3 5.55

71 1 1.85 65 4 7.40 67 2 3.70

70 3 5.55 64 2 3.70 66 1 1.85

69 5 9.25 63 2 3.70 65 5 9.25

68 3 5.55 62 1 1.85 64 1 1.85

66 2 3.70 61 1 1.85 63 3 5.,55

65 2 3.70 60 1 1.85 62 1 1.85

62 2 3.70 59 3 5.55 61 2 3.70

61 1 1.85 58 .2 3.70 60 1 1.85

60 3 5.55 57 1 1.85 59 1 1.85

59 1 1.85 56 2 3.70 58 1 1.85

58 2 3.70 55 3 5.55 57 2 3.70

- 57 1-: 1.85 52 1 1.85 56 2 3.70

55 1 1.85 48 2 3.70 53 2 3.70

54 1 1.85 47 1 1.85 52 1 1.85

52 1 1.85
49 1 1.85

51 1 1.85
50 1 1.85

N Grades(%) , F : Frequency (No. of students considered:54).

1st Semester : Mean:70 , Median:70

2nd Semester 'Mean:65 , Median:66

Both Semesters : Mean:68, Median:68

TABLE 10
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11

(5.55 %), during the second Semester, and 1Out of 54, .(1.85%)"I

for the complete course..

If we take 60% as the lower level of the C grade, the co-

11

rreSponding.values as in' the previous paragraphs area 11 out of

56, (19.64%), :in, the first semester, 15 out of 54, (27.77%),"in

the second semester, and 10 out of 54, (18.51) for the complete

course.

In the equivalent regular courses the corresponding per-

centages of students with D, F or leaving the course are for

the first semester, as shown in the following° table.*

Year Biology Physics ,-Chemistry N.q. Faculty

1969-70 .32.4% 26.09% 42.7 40.50%

*

1970-71 31.0% 28.55% 43.9%, 38.80%

1970-71 29.9% 2.3.06% 40.0% 38.40%

0

The comparison between the data for the Faculty'and that
.,-

for the experithental program can be seen in ,an even clearer pers-

pective if wer take into account that the majority of the students .

4do not normally take the three basic courses simultaneously.
0 u

It is, nevertheless, a very important 'fadtor:when we come

to consider the almost total'absence 'of persons dropping the.

course, (two in the first semester and none in the second), in

the interdisciplinary course compared to the 25% loss suffered by

the different-courses in Natural Sciences Faculty on an average

Annual report of the Faculty of Natural Sciences,'UPR, Rio-

Piedras, 1971 -72. Data was not available for the ,second semester .

or for the whole year'.



0duting years 1969, 1970, and 1971.. To (op the experimental

course during the first semester assumed theidelay at least

of one semester in the date of graduation. To do this during

the second Semester would involve a delay irk. graduatipn of not

lest than one year.

In terms of.material, the interdisciplinary course allowed

the covering of a larger number of topics in greater detail

in many cases than is normally permitted by the structure of

the separate courses. On the other hand, the experimental
4.

part was not inti.rely satisfactory, essentially due- to lack of

.4041 planning 'in the use of-the physical' facilities which caused

.

the- experiments to have to be carried out either in a hurry, or.

out of sequence. Nevertheless, it was noted that in the expe-
.

riments taken frpm the reguladlabotatoties, as well as in. the .

.three special projects under the charge .of the-graduate/faculty,

better numerical results were obtained, and the unders/t/anding of ,

.a...,......, .

/ -,

,experaments,.,was better than might hae been expected/. One funda .

e /. .

.

mental reason for this is that 'all. of the experiments were carried.

t : '

out in the second Semester, when the student has the necessary back- '

. /

ground to underStand,,withOut any-great difficulty what is involved

in the experiment. , /

I ,

One essential element of judgement at the moment of deterMin-

.

.ing: the success .or failure of the experiment:

or course', is the quality of the participating students,

program with selected students has thereby,a_guarantee of,not

failing, especiallycif we remember,that the participants in any.

educational experiment, given the special attention that they

ieccive,arp converted naturally into a select group with' a feeling

4
6



13

of pj_pg "above average" no matter what might have been the quality.

of their previous preparation. In the case that we are considering,
_ .

c.the.roup in itself was quite representative of the students ad-

,

mitte to the Natural Sciences Faculty, even-in their future as-

piratiOns. In the adjoining table is shown the grade, (as a per-

centage), obtained, by the students originally selected in the Mathe-1

"matics section of the diagnostic entrance exam for the Faculty, as.-

well as the major that they were thinking of following at that

moment.

0
51-60

GRADES
.

61-70 _71-80

j%)

81-90 91-100

STUDENTS

Number 14 13 23 9

Percent 23 22 38 15 2

Major Biology Physics Math. Chem. Medicine Undecided

Number
i

,

Percent

12

20 =

1

2

4

7

5

8

37

61

1

2

In the Mathematics section of the entrance examination the

aver.age,for the Natural Sciences students was a little lower, due

to the admission of students With grades below the originlly
,

id

recommended limit of 50%. Nevertheless, the percentage of the

students' admitted to Natural Sciences Naho were planning eventually

to study medicine was slightly greater than those in the course,

the numbers for the ether majors being pract-ically.the same.

.,The unanimous impression of all of the participating pro-

fessorS ir4the prograth'is that the students presented a lively

42



- 14 -

and active image, with a group spirit, and were more demanding

than the normal sections thatone meets in the Faculty at this

level.

After the course was finished and their grades were officially

registered, the participating students were offered an exam composed

of questions used by the departments of iology, Chemistry, and
4

in their exams during the two semesters of the academic -

year 1972-73. The results are shown in table-11. The exam was

*attended by 41 students,,13 were excused from attending since they

were taking summer courses at the same time as the exam, or were

out of the country. The difference between the number of students

considered in the Biology, Chemistry, and Physics sections and in

the total was due to mechanical problems in the correction of the

exams.

It would be risky to draw quantitative conclusions from the

results of this exam given the lack of precedent in the regular

courses. Nevertheless,'qualitatiVely it can be said that the

results were far-above the best expectations of the professqrs,

\
that prepared the exams. The averages correspond from lower tb,

higher; to the order in, which "the different material was presented

in the course. PhySics was mostly grouped'in the first semester,

Biology in the second, with.CheMistry bridging the gap between

them. The e!xa.m was answered anonymously.

With the aim of'polling the feelings of the students about

the,program, at the end of the course they were asked to submit

anonymously written opinions- over the course, putting principal

emphasis on things Vihich they had not liked, and pbints where

4,3



FINAL DIAGNOSTIC TEST

Biology Physics Chemestry Total

N F F('73) N F FM N F F(%) N F F(%)

85 1 3.13 62 2 '5.88 80 1 2.44 78 1 2.63
72 1 3.13 60 2 5.88 76 1 2.44 69 1 2.63
66 2 6:25 58 3 8.82 66 1, 2.44 68. 1 2.63
65 3 9.38 56 2 5.88 58 2 4.88 65 1 2.63
63 5 15.63 50 3. 8.82 56 3 7.32 63 1 2.63
.62 1 3.13 48 2 5:88 52 1 2.44 61 1 2.63
57 1 3.13 46 1 2.9-4 50 4 9.76 59 2 5.26
571 2 6.25 .42 4 11.76 48. 1 2.44 57 3 7.89
52 1, 3.13 40 3 8.82 46 7 17.07 54 2 5..26
51 1 3.13 38 3 8.82 44 4 9.76 53 1 2.63
50 1 3.13 '34 1 2.94 42 2 4.88 51 2 5.2.6
49 2 6.25 32 1 2.94 40 3 7.32 50 2 5.26
48 1 3.13 26 2 5.88 38 2 4.88 49 2" 5.26
43 1 3.13 24 1 2.94 36 4 p9.76 48 4 10.52
42 1. 3.13 22 1 2.94 34 1 2.44 47 1 2.63
40 1 3.13 18' 1 2.94 32 1 2.44 46 1 2.63
38 2 6.25 14 2 5.88 30 2 4.88 41 1 2.63
34 1 3.13 28 1 2.44 39 1 2.63
33 1 3.13 38 4 10.52
30 -1 3.13 37 1 2.63
24 1 3.13 -k7-. 36 1 2.63
19 1 3.13 34 1 2.63

25 1 2.63
24 l' 2.63

N: Grades(%)- 21 1 '2.63
F: f-requancy

No. of students considered: Biology parts 32_
Physics part,: 34
Chemestry parts 41
Whole Test c 38

The mean was, in.: Biology. : 52
Physics : 42
Chemestry: 46
Whole test:46

f

TABLE 11
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the course should be improved. Twenty-one answers were received,

surprisingly well written, with specific and clear observations

and recommendations coinciding almoSt completely with those of

the participating professors.

All praised the course and felt satisfied to have parti-

cipated in it. All believed that they have finished with a

better preparation than if they had followed the normal system

except in one case, who found that he would have been thesaMe.

All indicated, as the principal defect, the lack Of organization,

the daily delay in, the delivery of-material and Problem sets.

All indicated the, necessity of using the laboratory more, and

of increasing the number of exams so that there should net be ,

ari accumulation of too much material for each one. All praised

the use of invited lecturers, and some were sorry that these

should not have been used with greater frecuency.. .Surprisingly,

-there. were students who indicated that the program should have

been more rigid, more di:-ciplined, and less liberal with the par-

'ticipating students. In some cases it waS suggested that students

should be selected from among the best in the faculty, and that a

smaller group shOuld be used in teaching.

Apoint that is worthy of special attention is the perennial.

fear. In some cases it should be clasified as panic, which the

students have of the grades in any period of the year, especially

at the end of each, semester. For all practical purposes the grades

that the students receive in the basic courses in the .second year

decide how, when, and with what average .he is,going to graduate.
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Consequently, at least the student, believes that these grades will

decide his future. In the normal system of separate courses, this

average is produced in stages. In the.case of theinterdisdipliha--

Ty course it is produced instantaneously, 'releaVing the enormous.

and abnormal pressure which the grade average exerts over our

students. The spectre of the School of Medicine haunts the faculty

for the former. This is the reason why at the end of the course,

faced with the imminent release of the grades, the students of

the program organized themselves, using the most varied and .valid

arguments to convince the corresponding academic authorities that

the students should only be graded with 'pass" or "fail".

It will be premature at this moment to:pass a 'definitive

judgement on the value Of the experimental course, without a.pre-

vious follo-up of' the participants which analyzesethe subsequent

work. This is a pending task for the next academic yeak.

5. Participating Professors

Program Director: Prof. Amadcr Cobas, Physics Department

Prof. Gladys Escalona de Motta, Biology Department

Prof. Alec Grimison, Chemistry Department

Prof-. Manuel Torrens, Physics Department (2hd. semester)

Prof. Carlos Machin, Physics Department, (Coordinator)

Visiting Professors:

Prof. Hilda Aboy deBuso, Biology Department

Prof. Evelina Ortiz, Biology. Department

Prof. Edna Mendez de Ortiz, Biology Department

Prof. Fernando Renaud, Biology Department

Prof. Larry Liddle,,Biology Department

Prof. Luis Veguilla, Chemistry Department
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Prof. Gerald-Stevenseh, Chemistry Department

Prof. Osvaldo Rodriguez, Chemistry Department

Prof. George Rubottom,.Chemistry Department

Prof. Alfredo Torruella, Physics Department

Prof. Ronald Selsby, Physics DePartment

Prof."Richard Clemens, Puerto Rico Nuclear Center

Prof. Vilma Toro de Suarez, Bayamon Regional College, UPR

In this summary are included the professors who

offered the special experimental projects.

3. Recommendations and Observation's

The course should be offered again during the

academic year 1974-75, the intermediate year ,should be 'used to

refine the presentationof the topics, completely redesign the

experimental section and prepare the printed material, lectures,

problems set', articles, etc., which and going to be
,

handed over

to the students. This will cure the most important faults, the'

laboratory and-the organization of the written material; which

were found in the first, presentation of th'd interdisciplinary

course.

If thies recommendation is accepted it would be convenient

to designate as soon as possible the fixed professors for t-e-

.program, so that they could familiarize themselves with the course

and, introduce the variations which they feel necessary -withOut

pressure of time.

From the, experience gained, the course can be developed

using' ten hours a week two hour'sections five days of the week

for two semesters, for a total of 18 credits, 9 per semester. This
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will represent a reduction of five hours a week. compared to the

original course offered in the academic. year 1972-73, and will

free six credits for the different programs of the Faculty of

Natural Sciences.

It is recommended that the experimental section be offered

during the second semester in an intensive form' in three hour

sections, four days a week, frem,Aonday thru Thursday, for ten

weeks, giving a total of 120 hours in the laboratory. This would

not carry separate. credits and would be a requisite of the course.

It is convenient: to continue the habit of using visiting

le turers in the presentation, of certain special topics, since

apart from the interest that.this awakes in the students, they

are o red a unique educational experience. In this sense the

collaboration of the Graduate Faculty in the design and. impl)emen-
.

tation of t \e experimental section, as well as the use of some of

their equipmeYlt facilities, would be very valuable.

It is recommended that the course should be offered to
\,

'voluntary students in number not less- than 60, nor more than 100,

divided into two sections. In this sense it would be useful if

one of the sections were composed of Second year students from the

General Studies Faculty;, and the other from students who have en7

tered directly into the Faculty of Natural Sciences in their first

,\
_year. For evaluating purposes it,would be convenient that the.

\,

participants should carry no \less than 18 credits per semester, 12

in Natural Sciences Faculty and\6 in other faculties, which is the.

number of credits which the average students of Natural Sciences

x>.
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take in their second year. This practice was followed during the

presentation of the interdisciplinary course in the academic year

1972-73, since the participants took 9 credits in addition to those.

in the program'. .The preparation of fixed basic programs, so that

the participating students would only have to add the elective

assignments to these, would extraordinarily facilitate the sub-

sequent work of evaluation in future. years..

One point to indicate is that the greatest difficulty met

within multidisciplinary courses such as the one we are discussing

is the integration in a logical way of the descriptive sections of

Biology. This is a problem whose solution ds difficUlt, and that-

only time and the increasing use of Mathematics in Biology,can

help to solve.

Finally the preparation and implementation of the interdis-

ciplinary course uncovered a series of problems which affect all

programs in the Faculty, 'so that is useful to consider them in a

certain amount of detail.

In the spring of 1971, of the 524 students who took"the en-

trance exam for Natural Sciences, 64,31.%_- (337) had intentions

of'ptudeying medicine-o-fr-eiated careers, 19.28% LTh(101) Biology,

4.96% (26 - Chemistry, 3.05% (16) General Degree, 2.86%

(15) Mathematics, 1.34 (7) -. Physics', and 0.58% (3) Veteri-

nary Studies. 3.62% (19) 7-either did not know what they were
e

going to do, or were not willing to State it. If we allow for the

fact that a significant,percentage of the stud'ents who express a
I,

desire to specialize think of subsequently going to the MediOl

SchOol, it is. possible to st\ate that 70% or more of the human re-.

sources Yof the Faculty of-Natural Science 'are committed at least
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in"pinciple.to the Medical Studies. Considering that for the

academic year 1973-74 of 470 qua-lif,ied applicants, the School of

Medicine could only admit 118, to which we have to add 100 admitted

to schools in the United. States, Dominican Republic, Mexico, and

Spain. *, we can conclude that the principal mission of the Faculty

of Natural-Sciences is, in fact, to act as a sieve for the Medical

School..

"'Intimately linked to the previous is the pi.oblem'of maintaining

an indeX as close as possible to 4.00, not as a manifestation of

knowledge, but rather as the key for access to gradtae ptograms in

general?, and to Medicine in particular. Given that the average
o

tends to drop substantially after the students havecspent one

year in the Faculty of Natural Sciences, the only alternative open

to the student is to take the sections and assignments that the

students slang qualifies, with or without truth, as ".to raise.

their average. Given that the primary mission of the Faculty is,

formative, and only selective in the secend_illstance, it is recommen-

ded that the possibility be studied of implementing a System of

using "pass" or."fail",as the only grades in all the basic courses

in the' Faculty: This will permit a decrease of emphasis on th,e

averages, the pressute of selection, and will increase the strictness

*From information provided by Dr, H. LugofDireCtOt of the .Office
of .Studies, related to Medicine, certificates were provided. for-79
students to -study in the Dominican Republic, Mexico, and Spain.
For,the United States a certificate is not required,so that
.there are no exact numbers of the StudentsWhomight have moved
to the mainland to continue they studies. However, given the
requirementsof the North American Medical Schools for admission,
the total' 1Tumber of 100 students in Medicine, per year; outside
of Puerto Rico seems a reasonable estimate.
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This will have benefits in terms of a better - education forthe

students, and contribute to the eradication of the,current phobias,

with regard.to the grade averages.

In the same vein, it would be convenient if the period of

grace hefore droping a class,, except in the case of a total.aban-

donment, should be reduced to five weeks. Also the fail grades,

or their equiva,lents-F and D, should be removed from the students'

academic transcript once the student has', demonstrated his_profi7

ciency in the corresponding'material.
\

The counseling system. operating in the Faculty is in the

,
.

I

best of cases, inefficient and in the worst, tragic. In practice,

. I

face to face wIth,the student, counselors are simply dispensers

i

of class tickets, and custodians of, the Dean's'seal 'in the matri-

culation period.' It is recommended to study posibility that

'the counseling system be transformed' from an administrative one

into an academic one, and that there should exist a ddr.ect,rela7

1

Itionship be4een the'counselors at.different levels, in such °a

!way that there might be continuity in the advice given to _tile

students when they pass from second to third, or to fourth,. year.

IV. Acknowledgements

The interdisciplinary' course owes its aX)2,stance to the

dedication ofla large number of people who altruistically. offered
- ,

their- enthusiasm, their support, and theirWork.

Chronologically, the course owes a great debt, ;first with

D. Amador Cobas, originator.and:movingforce belling the program,

ana author of the proposal which.resulted.in the grant from HEW,

which made possible the implementation of the,caure. Next.wisth

Dr. IsmaelAlmodovar, and the personnel ,of. the ..Offica of the Dean'



-?

of Natural Sciences, who supported the idea of an interdisciplinary.

program and helped in the process of seledtion and registration of

the students 'for the course. Next, with t committee that prepa-

red and administered the entrance exams f Natural Sciences in

1972 for their patience and collaboration n the process of re--

cruiting students for the program. Then-with the personnel of,

the different offices of the Faculty that 'provided material and

reproduction equipment whenever it was possible for them to do
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